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In  'the  model  cf  the  YllS-Virus  there  i.3  studied  fch 
•bioiogicalj  physical  and  cJieisical  factors  on  the  course  of  the  .process  of  loss 
of  infectious-  activity  vith  various  togperatyres.  The-  viral  -opulkl-ions',  out” 
sines  or  Heia;  and  HA22A  cells,  "je.ee  sftoinv  with  les"  stability  La  heating  in 
comparison  Hilh  the  viral  ^op’lstions,  obtained.  on  cells  of  trypsinised  chic¬ 
ks  egbryosyancl -  S22*  vltra-centrifuging.lead:  to  -  -reduction  of'  -thermal  stabil¬ 
ity  o?rihfe-/EE  virus,  and  increaseirits  sensitivity  to  the  iberep-st.  ibiliz'ihg 
'action-  c-f-.lS;5/--:<>f  fes.£nsniuu  cuiphafe.;7A:  decrease  of  pH  of-  the  virus  .contain-? 
leg  suspension  from  9;-  to.  7:*C:s6ueviiat:slb«eS  gown  .the  thera-si  .inactivation 
of  the;  VlS; -yifus  of  the  "  micieihnlty;e?;  igpro  coarse  shifts  cf  pH  stro«i?ly 
accelerated: -the  death  of  the  yiva§*  .|h-^4  esses  pie  vari-fisns  of  liiration  " 
and  of  the  iynaiics  of  the  process  of  dhe  loss  of  infectious-  activity  of  the 
Vi.;  virus  took  place  an  a  result  of  regular  vail-rtion  of  a  limited;  .niufuor  of 
mechanise:  of  the  loss  of  infectious:  activity,  the  specific  effects  of  vhich. 
are  discussed; 


fee  complex  structure  of  vjrns  particles,,  represen  ting  a  RUciep-rprotein 


comp  or,  in.  a  ve  ■*_„<?  of  cases  snf roundea  by  an  external  lipoprotein  ^;eath* 
find  reflection  in  -.the  difference  -of  the  mechanisms  causing  loss  .-of  infect-* 
io»is  activity;  of  the  virions  vi.fch  various  temper  itures  and  conditions  of  inc¬ 
ubation.  As  determined  earlier  (deferences  2  -  4,  6  -  8  },  the  virus  partier 
Ion  are  inactivated  either'  as  a  result  .of  a  primary  disturbance;  of  the  viral 
nuclein  aciif .(  !'  nuclein  rt  type  of  inactivation  }  ,  cr  swing  to  the  depaturat- 
on  of  the  viral  .proteins  (  "  protein  "  type  of  inactivation  ).  Jocsiderable 
ffec.t  on-  the-  character  and  speed  of  inactivation  will  be  shown  bv  tie  sur- 


tions  of  the  shells  of  the  viruses  *vReference 'll) , 


Various  biological ,  physical  and.  chemical  -factors,  aetiryf  on  the  course 
of  the  process  of  heat  loss  of  the  infeciic us  activity  of  the  viruses,  real¬ 
ise  their  effect  on  the  basis  of  that  or  the  other  type  of  incativation,  sat¬ 
isfying  sufficiently  to  definite  rules.  In  the  offered  report  are  presented 
tbs  results  of  an  investigation  of  the  effect  of  a  aeries  of  factors  on  the 


ievej 


or  tn$  thermal  st 


Biiity  of  the  TJZ  virus.  The  choice,  of  a  model  depen¬ 
ds,  by  tlist  circumstance*  that  in  the  presence  of  a  temperature  of  50  -  '55  , 
the  cvnaales  of  inactivation  of  the  -VIS,,  virus  allows  simultaneously  the  estab¬ 
lishment  of  the  efi 


‘set  of  the  studied  factors  oh  the  different  mechanisms  of 
inactivation,  ana.  of  the  different-  structures  of  f creation  of  the  viral  part— 
IcaSS  tsaferences 


-  Material  and  Methods, 

virus  obtained  from  the  collection  sf  the  Rockefeller  Institute  in  1944* 
Tasrnt  into  account  the  non— uniformity  of  the  original  viral  nr-p-ulstios 

,  -fold  passage  ftoa  a  patch  into  a  patch  was 
separated  tne  variant  t  i References  3»4J.  Separated  f roc  one  natch  by  a 
3-fold  passage  ara  bred  on  Trypsinised  Chicken  Sabiyo  cells  (TCE).*  we 
utilised  the  virus  in  uterine, quality.  In  all  cases*  where  special  cond¬ 
itions  are  absent ,  ve  employed- the  virus  in  the  form  of  a  cultural  fluid, 
removed  within  24  hours  after  infection  of  TCE  ceils,  incubated  at  ‘36°, 


\ reference  3} ,  from  it  bv 


and  properties  of  which  were  describee  earlier  (neferer.ee  4). 

The  preparation  of  ICS  cells,  the  cultivation  and  titration  of  the  ¥g§ 
virus  we  performed  according  to  :the  method  described  earlier  (References 


Cells  of  the  intertwined  lines  &£*  HeLa*.  h£5BA  were  bred  in  sntre3ses  by 

volume  100  si  under  a  layer,  of  feed  .  medium!  heiius>:  v  193  with  IC^  of  bov¬ 
ine  serus/ .  The  infection,  of  cells  by  uterine  virus  we  produced  with  a 
Lie: " 


iur-23  at.  36 


of.  infeciioh  5  s0£  /  call,  incubation  of  the  infected  cul- 
ontinued  4-^  hours,,  in  the  capacity,  of  the  medium  of  storage 


v:e  -employed  sec inn  ~  139-  with  2f-  -bovine  serum. 


ae  sstabxislwciit.  of  the  necessary  values  of  pli  to  virus  containing. 
ks  supyleE&ntjd  the  appropriate  quantities  of  l<t5  solution  iiaOH  or 


5  1U1U 

1  normal  solution  iici 
entioseter.- 


ritli  subseoent 


ntro.i  of  pa  vxtb  the  aid  of  a  sc 


he  vip;3  containing  fluid,  obtained  by  breeding  of 
the  V  h  virus  on  TCI  cells  (medium  of  storage  -  medium  -  199  without  bov¬ 
ine  jserusS ,  was  centrifuged  for  20  mins,  at  2000  rsa  for  the  elimination 
of  cultural  detritus,  dubraprecipiated  fluid  we  centrifuged  during  2 l 
hours  in  the  an«-C»ar  rotor  *  x  50  of  a  centrifuge.  Superspeed  —  50  at 
«-?f-  :  rpm-t  ice  resih;e  we  resuspend#**  in  15  ml  of  medium  -  199  and  we 
homogenised  L.  mean.*-  of  a  fauns  honogenator  (l5  oscillations) .  „ 


The  suspended  Batter  we  clarified  during  15  nins.  at  .10000  rpa.  rroa  supra- 
precipitated  fluid  we  separated  the  Virus  for  2^f  hours  at  250CO  rce  oft  the 
Superspeed-50  centrifuge  A  rotor  tank  3  x  20)  through  16£  potassiun  tartrate 
on  a  cushion  of  40^  potassius  tartrate.  The  viruswe  collected  from  the  int¬ 
erphase,  ve-booogenized  it  ift' fiediusr-r  193»  clarified- it,  as  indicated  above, 
and  we  precipitated  it  with  the  aid  again  of  one  cycle  of  AiltiacofttrifUgiftg. 
The  residue  of  the  virus  we  resuspended  in  the  appropriate  nedius. 


Results 


'The  action  of  the  cellular  systems  on  the  the'hcal  stabi-aty  of  .be  VE3.; 

virus.  .  _  . 

;-*e  bred  the  virus:  is  intertwined  ?JiSf  HeLa  ai^  cells  and  on:TuS.,_ de 

established  the  dynamics  of  inactivation  at  50  and  54  #  The  results  of  the  . 
exceriaeftts  are  presented  ih- Figure  1.  The  YES  virus  (variant  i  j ,  obtained  ^ 
from  various  cellular  2cdels,vas  inactivated  at  54  innediua-  199  with  25* 
bovine  serua  with  approximately  equnl  speed  (Figure  la).  At  the  same  tise,  the 
YES  virus  (variant  if);  obtained  on  TCS  (on  Figure  la  the  dynamics  of  its  inac¬ 
tivation  are  _ indicated  tythe  dashed  line)  lost  its  infectious  activity  cons¬ 
iderably  score  slowly. 

At  55°  the  VSE  vims  (variant  t‘  ),  obtained  on  KeLa  cells  (  dashed  line 
on  Figure  lb),  and  also;  the  VEd  virus  C  variant  ts  ) obtained  on  TGS  snd  limc 
cells,  were  inactive ted  with  ene  and;  the  sase  speedy  which  was  noticeably 
lov  :r  from  the  velocity  cf  inactivation  of  the  Y32  virus  (variant  i- ),  obtain¬ 
ed  oft:-Heha  and-liASSA^cells';;  “  :  .  .  .  .  _  __  -  - 


-Thus  .-the,  spec^dfMfta^tiVatfbn:-  pf:  the;  .VoS’ 
si  system,  i& temperature  leveled  the  heating  andiby  tiie 
s  tr- 1  h  proper  ti  es"  of  theSYlth^i  -  .  =1  -  ■  "  _  1  i  r 

Tffect  of  differentidi  Cefttrifigihg  on  the  thermal  stebildty  of-  the  trl? 


vhe  sirflsi  virhsrve:  .resuscended  it/cEdiuia ,?  133,  k?  filBtsu  it  5  tiiss 


rcotrci.  ^iv.rijiire  »_  »ir?  a-r  tips  liMesatts  a  typ'o^A  experiu-eri---  . 
rs-I  notion  of  the  inactivation  of  the  r>urified  virus  shS  of  the  contrail 


do  at  50 


ifur-o  J  de  sonrirntes  the  inactivation  of  gutdfidd  TSL-rVdius  is,  sever 
oh°  w-(lC  addition  of  12.5,'  of  sagneciUi^  sulphate  repeates 


;  solutions  at  5Q°».  The  addition  of  12.5,-  of  sags 
hival  the  loss  of  mfectafttjnness  .of  the  vi. ruses. - 


stability  of  the  .purified  virus  iratn  various  uvvois  cf  storage. 
FuriTiod  Ydh  virus  we  :resussended  in.  drla  solution  with  a  boras 


NOT  REPRODUCIBLE 


buffer  pi!  9,0  (1:3)  and  aged  at  a  temperature  37,  4  and-  -40  ,  Fart  of  the 
trials,  aged  at  -40  ,  we  thawed  only  once,  when  after  the  appropriate  date  we 
established  their  infectious  activity,-  the  other  part  we  subjected  to  daily 
thawing  and  freezing  that  considerably  accelerated  the  dying  off  of  the  virus 
(Figure  4,  curve  3)  .  The  virus  at  37°  was  almost  completely  inactivated  air  ';  * 
ready  on  the  following  day. 

At  4°  the  virus  is.  more  .stable  than  at  -40°,  if  the  storage  dates  did  • 
not  exceed  1  -  lj-  weeks. 

Effect  of  pH  with  the  virus  forming  suspension  on  the  thermal  stability 
of  the  VSS  virus. 

On  Figure  5a  are  presented,  graphs  of  the  inactivation  of  the  VSS  virus  at 

53  and  pH  7,0,  0.0,  9.0  during  the  first  20  mins,  of  heating.  The  increase  of 
value  of  pH  leads  to  a  gradual  increase  of  the  speed  of  inactivation  of  the 
virus  in  these  conditions. 

Figure  5b  demonstrates  the  inactivation  of  virus  at  53°  and  values  of 
pH  F.O,  10.0,  and  =7.0  (  curves  1,2  and  3  respectively).  It  is  eviden,  that 
such,  a  large  displacement  of  pH  both  in  the  alkaline  and  in  the  acid  side  sig¬ 
nificantly  hastens  the  loss  .of  infectious  activity,  host  rapidly  peri  ?hef*  the 
vims  in  the  strongly  acid  medium..  It  should  be  noted  that,  the  slope  of  curve 
1  (“nuclein"  type):  is  less  than  the  more  mildly  sloping  parts  of  curve  2,  the 
slope  of  the  abrupt  part  of  which  (“protein"  type)  in  its  turn  is  lass  than 
the  slope  of  curve  % 

The.  effect  of  glutamine  and  some  other  additives  to  -the  virus.  >:nr.taining. 
suspension  on  the  thermal  stability  of  the  VDB  virus. 

On  Figure  6  ire  presented  the  dynamics  -of  inactivation  of  the  virus  at  50 

54  and  5-3°  in  medium  1-  199  with  2p.  bovine  3erum  in  the  presence  of  0.1^  glut¬ 
amine.  The  control  data  are  denoted  by  the  dashed  line.  At  54  ana  53°,  0.1ft 
glutimine  somewhat-  accelerated  the  inactivation  of  the  Viruso  At  50°,  before 
the  period  of  accelerated  inactivation  of  the  VdS  virus  beginning  within  60 
mins,  of  heating,  it  was  determined  as  a  stage  of  stabilisation  of  the  infec¬ 
tious  titers,  however  the  difference  in  comparison  to  the  control  is  small  and 
by  the  use  of  the  titration  method- of  platelets  it  cannot  bo  acknowledged,  rel¬ 
iable. 


In  connection  with  -that  that  we  obtained  similar,  results  at  37°,  sua 
also  for  the  determination  of  the  effect  on  the  stability  of  the  virus  of  the 
combined  presence  of  glutamine  and  magnesium  sulphate,  raving  a  stabilizing 
effect  on.  “protein"  type  of  inactivation,,  there  was.  supplied  a  special  series 
of  egpe  iments. 


The  VEa  vims  we  bred  on  .SivHrla  solution  with  0.22'7*  bicarbonate  of 
soda  without  serum,  in  order  to  avoid  the  effects  of  multiple  components  for 
the  usually  utilized  composition  of  the  storage  medium.  To  the  virus  Contain¬ 
in'  solution  we  ndded.O.I,  glutamine,  12.5/  magnesium  sulphate,  0, If-  bovine 
albumin  and  their  combination,  fhe  virus  we  heated  at  50°  during  20  mins,  g 


?J0T 


reproducible 


The  results  of  the  experiments  are  presented  in  the  Table.  The  greatest  stab¬ 
ilizing  effect  was  possessed  by  crystallized  bovine  albumin,  this  effect  of 
if  was  somewhat  reduced  by  the  addition  of  magnesium  sulphate,  Magnesium  sul¬ 
phate  somewhat  stabilized  the  virus,  in  the  same  extent  glutamin  accelerated 
its  inactivation.  The  combined  introduction  of  12.5/-  magnesium  sluphate  and 
0.1;,-  glutanin  lead  to  appreciable  acceleration  of  inactivation. 


Table 


Inactivation  of  YES  virus  at  506  in  media  cf  various-  compositions^ 


Composition  of  the  medium  in. which  are  suspended 
the  virus  particles. 

Reduction  of  inf¬ 
ectiousness  (  In 
ig  BOS. /ml)  for 

20  mins,  of  warm¬ 
ing  at  50° 

Erla  solution  with  0.22;-  bicarbonate  of  soda 

2;8 

The  same  and  0.1,  v  bovine  albumin 

1.8 

The  same  and  0.1#  glutamine 

3j1 

iae  same  and  12;  5#  magnesium  sulphate 

2.5 

The  same  and  Oil^  bovine  albumin  -and  12.5T- 

magnesium  sulphate 

2.3 

.  The  same,  0.3#  glutamine  and  12.5#  magnesium 

sulphate.-  .  : 

4,6  ' 

Data  the  mean  of  the  result'  of  3  parallel  experiments. 


Discussion 


The  study  of.  the  course  and  of  the  thermodynamic  parameters  of  the  proc¬ 
ess-  of  thermal  inactivation. of  viruses  leads  to  the  conviction  that  the  loss 
of  infectious  activity -of  the  virions  as  a  result  of  the  effect  of  that  or  the 
other  temperature*  is  derived ,by  a  limited  number  of  paths  or  procedures,.-  -froa 
tliat  corresponding  to  two  basic  mechanisms  of  inactivation  -  "nuclein"  -%-r 


"protein",  that  reflect  the  internal  stricture  of  the  virus  particles.  Yar- 
ions  external  factors  sl/'-w  diverse  ard  regular  effect  on  the  probability  of 
the  development  and  the  Vidurr^listlonel.ip  o'  thn  indicated  mechanisms  of  in¬ 
activation  (.'.e  *' 


-1- 


NOT  REPRODUCIBLE 


An  ir.vostlg’ivi'in  of  the  curves  of  inactivation  of  infectious  activity 


that  ti  e  variation  of  the  elope  of  .one  curve  of  inactivation  in  comparison  . 
v  l the  others  (for  Maple ,  curves  1,2  and  3  on  Figure  3)*  in  certain  limits* 
tells  of  the  acceleration  or  retardation  of  tie  flow  of  the  process  "lih  the 
»sa i rda loanee  of  the  mechanists  of  of  the  type  of  inactivation*  On  the  other 
!-ar,dt  an  abrupt  alteration  of  the  slope  of  one  curve  in  ccoparisos  with  the 
others,  established  at  one  and  the  same  temperature  (curves  1  and  3  on  Figure 
r) ,  a-.6j  also  th°  presence  of  a  discontinuity  on  the  curve  (for  example,  curve 
p  on  Figure  ?  or  curve  2  or.  Figure  i),  as  a  rule,  she*.,*  by  the  variation  of  ^ 
t’ne  r-ame  mechanism  of-'  the  process  cf  thermal  inactivation  (References  2  —  4; • 

On  tlf-- course  of -the  inactivation  the  significant  effect  shews,  apart 
from  the  structures  of  the  components  of  the  nucleocasside  of  the  virus  part¬ 
icles,.  their  surface  lipoprotein  complex,  The  role  of  the  surface  of  the  lipo¬ 
protein  complex,  being  formed  with  the  .immediate  assistance  of  the  cellular 
components  (deference  l),  is  displayed  in  various  proportions  to  the  heating 
at  50”  .6**  the  virus  populations,  oh  tallied  on  the  cclls  of  various  origin*  r or 
the  virus  populations  (ts  variant)  .obtained  on  hoLa  and  F..4SKA  cells,  the  speed 
of  inactivation  resulting,  according  to  appearance,  by  the  "protein!*  type,  is^ 
increased  in  relation  to  the  viruses  from  RES  and  ICE  cells,  being  inactivated 
in  these  cases  according  to  the  ''nuclein"  type. 
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On  the  other  hand,  variations  of  thermal  resistance  of  the  t  and  t  var¬ 
iants,  obtained  on  OCS,  are  maintained  with  transformation  to  KeLa  cells  as 
to  the  system  of  producing  the  virus.  But  the  temperature  level,  at  which 
takes  place  a  c’nnge  of  one  ("nuclein")  type  with  the  other  ("protein")  (Ref¬ 
erences  2,3),  will  be  mixed  in  relation  to  the  nature  of  the  cells.; 

Thus,  at  least  in  application  to  the  studied  model,,  the  increase  of 
stability  of  the  virus  particles  can  take  place  owing  to  both  increases  of 
strength  of  the  albumin  structures  of  the  nucleocapside  (References  3,4) .and 
the  increases  of  stability  of  the  lipoprotein  complex, playing  a  protective 
role.  : 


Hie  properties  of  the  surface  of  the  lipoprotein  complex  establish  the 
formin'  and  duration  of  the  period  of  induction  -  the  initial  period  of  retar¬ 
ded  loss  of.  infectious  activity  of  the  VEE  virus,  during  which  it  is  inactiv¬ 
ated  according  to  the  "nuclein"  type.  Ultra-centrifuging  of  the  virus  substan¬ 
tially  reduces  its  thermal  1  stability,  while,  determined  in  a  control  expert 
iment  -at  50°,  the  period  of  induction  for  the  purified  virus  vanishes  and  the 
virus  ,  at  once,  is  inactivated  according  to  the  ”  protein”  type.  Simultanr- 
eously  there  tov^s  the  sensitivity  of  the  YEE  virus,  in  the  usual  conditions 
not  sLaigly  defined,  expressed  (Reference  2)  to  the  thermally  stabilising  eff¬ 
ect  of  jcwgriesium  -.sulphate  ,  reducing  the  speed  of  "protein"  inactivation. 
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disturb  the  strength  of  the  surface  lipoprotein  complex  and  may  cause  its 
premature  destruetio 1.  Similar  correlations  are  traced  with  the  inactivation 
of  V££  virus  at  30°  n  the  px*esence  of  glutamine  (viz.  Figure  6).  The  period 
of  induction  is  considerably  shortened  but  on  the  extent  of  it*  in  practise, 
there  is  not  establishea  inactivation  according  to  the  "nuclein"  type. 


Supplying  the  sum  to  the  discussed  , . it  in  appropriate  to  note  a  series 
of  general"  staies^nts.  The  stability  of  the  VSE  virus  at  low  temperatures  in 
de to. mined  b-  th~  speed  of  its  inactivation  according  to  the  "nuclein"  type  in 
the  uresenoe  ef  sufficiently  hi;h  temperatures,  when  the  loss  of  infectious^ 
ness* hit’.,  th-  f  irsc  w.vf-iteo  of  warming  is  due  to  den  turation  of  th-  protein 
viT»;riesf  the  thermal  nt-.bili ty-  dc  7EE  virus  is  determined  by  the  speed  of 
inactive  li-vn  by  the  " 01*0  tein1*  type.  In  Lhe  .interval  between  tr.es.e  two  extreme 


ses. 


stability  of  the  virus  depends. 


tip 


anal  vsis,  or-  the  dur> 


of  the  indue period  and  ,  cons. coo ently ,  on  that  tern*  er~  t*.ire  cooi.it- 


5. her.  the  i'lv- of -induction  -  ill  cease  being  established 


:'rs-  studied  biological,  j.-hysic-.!  and  chemical  factors,  infi-  -♦-•neir.g  tie 
33  of  tioriibl  inactivation  of  the-vT£  virus,  accelerated  or  re  tar-do-  in 
.ii Lions  tr.e  "nucleih”  oi*  "protein"  type  of  ir.activatior.of  the 
virus*  Cu  other  band,  their  .  rffect  uab  accomplished  through  the  surface 
lipoprotein  coapl-x  ao»i  involved  th?  variati-m  of  the  period,  of  induction  and 
also  Hr-  tcMj-eri'ure  covKiitions  at  which  the  inactivation  of  tie  virus  began 
in  t-‘  -  place,,  pj’i r.cipaliy  accordine  to  the  "protein"  type. 
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